We present the results of an all-sky search for continuous gravitational wave signals with frequencies in the 200-600 Hz range and frequency derivative (spindown) from −1 × 10 −8 through 1.11 × 10 −9 Hz/s. Together with the results from [1], this search completes the all-sky survey for frequencies between 20 to 600 Hz on O1 data. It also demonstrates the scalability of our search on a parameter space 26 times larger than previously considered. The results presented here complement the LIGO O2 data results [2, 3] with comparable when not better sensitivity and do not rely on data with irregularities in the noise-subtraction procedure. We establish strict upper limits which hold for worst-case signal parameters and dedicated upper limits for generic ≈ 0 spindown signals, such as those expected from boson condensates around black holes.
Broad-band all-sky searches for continuous gravitational waves are computationally challenging. The most sensitive searches rely on clever search methods, computationally efficient algorithms and much computing power [1, [4] [5] [6] [7] .
The loosely coherent approach that we have adopted for our broadest and fast-turnaround surveys has proven to be very successful with short coherence time lengths (≈ half an hour) [8] [9] [10] . Its recent extension to longer coherent timescales, the Falcon search, represents a breakthrough in performance and sensitivity [1] .
The first Falcon search [1] demonstrates the new method investigating the frequency range Hz, allsky, on data from LIGO's first observation run (O1) [11] [12] [13] . Here we extend the search to the frequency region 200-600 Hz. The frequency derivative in both searches is from −1 × 10 −8 through 1.11 × 10 −9 Hz/s. The same five-stage pipeline is used, starting with coherence length of 4 hours.
Even with the most efficient search strategies, continuous wave searches take a much longer time to complete than searches for transient signals and this time significantly grows with increasing signal frequency. In particular, since the number of sky templates scales quadratically with frequency, the size of the parameter space of this search is 26 times greater than that of [1] . As a consequence it took a longer time to carry out this search, in comparison with [1] . We use O1 data because this search was started before the O2 data [14] had been made public. This search demonstrates that the efficiency of Falcon is maintained in a significantly larger production run.
The full list of outliers that survive all the stages is available in [15] . Table I shows a summary of this list. The summary excludes all outliers within 0.01 Hz of multiples of 0.5 Hz, which are induced by 0.25 Hz combs of instrumental lines [16] . The remaining outliers are summarized by displaying the largest SNR outlier in every a vladimir.dergachev@aei.mpg.de b maria.alessandra.papa@aei.mpg.de 0.1 Hz band. The top 7 outliers are caused by hardware injected simulated signals whose parameters are listed in Table II . The large majority are due to large hardware artifacts. A few dozen outliers cannot be ascribed to instrumental causes based on h(t) data alone. Studies based on physical and environmental monitoring channels, that are not public, could shed more light on their origin.
We compute 95% confidence level upper limits on the intrinsic gravitational wave amplitude h 0 of a quasimonochromatic signal with slow evolution in frequency that can be approximated by a linear model. These are shown in Figure 1 . The upper limit data is available in computer-readable format in [15] . We also provide upper limits for ≈ 0 spindown signals, relevant for boson condensates around black holes [17, 18] . We leave it to the interested reader to constrain from our upper limits physical quantities of interest, based on the specific model they wish to consider.
The upper limits are computed using the universal statistic algorithm [19] and are valid in all frequency bands and for the entire sky. The worst case and circular polarization 95% confidence level upper limits are obtained by maximizing upper limits established for individual sky locations, spindowns and frequency bands. Therefore, they are applicable to any subset of the searched parameter space. The population-average proxy upper limits are provided for ease of comparison with other search results [2, 4, 16, 20] . They are computed as weighted average of upper limits from individual polarizations. We use the same weighting as in [1] . Figure 2 presents circular polarization upper limits converted into maximum distance curves [16, 20] . At the high end of the frequency range we are sensitive to a source with 10 −6 equatorial ellipticity up to 2.7 kpc away. It is known that neutron stars can readily support equatorial ellipticities of more than 10 −6 [21, 22] .
Compared to the O2 data-set, the O1 data-set is less sensitive in many frequency bands, has larger instrumental contamination and half the accumulated time. Nevertheless, the upper limits presented here are comparable to the LIGO-Virgo collaboration results [3] and to [ O2 data. In the 500-600 Hz frequency range our upper limits are more constraining than those of [2, 3] . The O2 data used in [2, 3] was subject to a cleaning procedure that removed substantial amount of spurious instrumental noise. The cleaning procedure was originally designed for short-lived signals [23] but was subsequently applied to the entire data stream.
The basic idea of the cleaning procedure is to fit h(t) data to many witness data streams and to subtract the polluting contributions. This requires the transfer function from witness data to h(t) to be estimated. The transfer function is non stationary and the estimation is performed in-sample separately on a high number of short time intervals -and correspondingly small amounts of data. Accidental correlations, which are more likely to happen when the fits are done using small data-sets, can lead to "over-cleaning", an example of which are the spikes below the noise floor level in Figure 1 of [3] . In general this procedure will contribute an additional systematic uncertainty to the calibration. Whereas we have no reason to believe that such uncertainty amounts to more than a few percent, it is not discussed in [3] 1 . Our results provide strict upper limits at a comparable level of sensitivity, derived from a data-set not treated with such procedure.
We also note the interesting discussion of signals from ultra-light bosons in [2] . The population average upper limits in [2] are derived from a signal population that is [16, 20] much larger than that of boson signals. It is not immediately clear to us how to translate a population-average upper limit into an upper limit for a very tiny subset of that population. We use instead a strict worst-case upper limit from the ≈ 0 spindown search results only.
In conclusion, we have applied the Falcon pipeline to O1 open data. We explore frequencies from 20 to 600 Hz and frequency derivative from −1 × 10 −8 through 1.11 × 10 −9 Hz/s, not relying on data with irregularities in the noise-subtraction procedure. We establish strict upper limits over the entire spindown range and provide dedicated upper limits for generic ≈ 0 spindown signals, such as those expected from boson condensates around black holes.
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